
7|*«0|: 

e 8f«e SShW WEMOi M 50|CK #AH|*|fe 7|& fl(H| ^S-£|fe GaN^I 

5 7|&°| SI^S- T^i^efoj ^^Ah^ xho|<H|AH i^sfe SS^M Sou, 

GaN^i b^§§°i ^s^m i tA o h Ai?j£^, ^# v#m?u tim&m 

uHS7|# 

10 OJHFTHO^. QaN^I H MOKHI ?J0-|AH S^/^ LED— I 

§*! MESFET (Metal Semiconductor Field Effect Transistor), HEMT 
(high electron mobility transistor) §°| JL^ ^tNS, JL#^ 

EJX^XKHI ajCh. **|, LED ^Xfe 0|D| *Jt!£! 

15 0|2f GaN^il SS|-g im^Xl-^ A|-^0|0-| 7|& SEfe SiC 7\& 

%\0]\M g»SCh Z1EU, AWOICH 7|& SEfe SiC 7|& flofl *|£o| ah ah g £ (H|AH 
AlyGal-yN°| Ch^S U^HS (buffer layer) °S . =LB\JL, 

JH&CHIAH #7| UjlHS flOfl £S£JX| 8tS GaN », A JB|^(Si)0| ESS n-GaN g 
SEfer #7| =?^°| ^S"A|7=| n-GaN *l| l ?j^§21 HEIjI, 

20 ZL #*0fl DFZlLHI^(Mg) 0| ESS p-GaN §S *l| 2 S^§£^ SfO^ *JS|-g 

SJS^XW *||sgcK SE&, ^§"5 (C^^W^?^ fhgS) S #7| n-GaN X|| 1 
EReUj- p-GaN *l| 2 £Rg AhO|(H| 4H = fl*| 

^IScHlAH 1^£J^ aS^&o| °f loVcm 1 nH¥ 7h5!cK zis °J^o^ 

25 SSFS BhJE*l im^xl-oj S7|s| ^-a «1bK>|<H^ *KH|/H ¥^£!#7|- 

SEth 0|ye mnHSal- 7|& a^o|o| 7^|ojcH|AH IJ-^EJfe asatfe 

x-i^ai?|7| mi^oii, ysts ww^si g%s_mm mo-\s£E\^ 

30 &B ( GaN^I Bh£*lfil -^^S »4TA|7|ji, ^SJ^S Mcl- *ra§h7| 

^3fo^ # °jxH AHSg WuHecHI Pith GaN7=l| Sshg BhE*l|S| «|S»H<H| cUth 
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e u-§<hi fffe ssi-w we*b antexfe 7i&; #71 7ie- ?i<hi ggg 

bHttiS; #7| B^g flOll «gS 2JS0| til 1 in-doped GaNg; #7| til i 

In-doped GaNg ^|CH| ^-^^l InxGal-xN/InyGal-yN S^lti T^g; #7| 
10 InxGal-xN/InyGal-yN i^ti fjoll til l £Rg ; #7| ti| 1 £j^g 

^CH| S^SJCH, §JS #ft*fc Sgg; #7| »g« fl(H| eiSOl £SS til 2 

In-doped GaNg; #7| til 2 In-doped GaNg ?jO|| GaNg; 3J #7| GaNg 

flo| til 2 ERgo| MSch 

che g^cni tti-e e ^ssi aai-s «m^*H= 7i» ; #71 7 is swi 

15 ggS IH=H©; #7| bHBHS flOfl fc!gO| £g@ XH| i in-doped GaNg; #7| 

til 1 in-doped GaNg flofl til i ERg; #7| til i £Rg fl<H| ^£|CH, 

»ft*fe IT-gg; #7| S^g flOfl GaNg; £! #7| GaNg Wl 

Tcii 2 ^^goi ssso-. 

5E M g"£|CH| lll-e £ |J-So| xj^g dh £ ^| H^Xfe 7|£b #7| 7|& ?jCH| 
2 0 GaN bHnHg; #7| B^g *|0fl til 1 £Rg ; #7| til 1 £Rg flOfl 

^•y£|Jl ( °J§ tMfOl ^j-g InxGal-xN g2f InyGal-yN InzGal-zN 
#^gO| i^5Lfc #^g; #71 fr^g *|<H| «£S GaNg; SJ #7| GaNg flOfl 

x-fl 2 £Rgo| aa-gcK 

& ^S«H| nl-g. *]S^ H o h 9S 7|£!- flofl GaN^I 

2 5 bjH-jgt S^efe #7| tH^g ^<*| oj-o| ^| l In-doped GaNgf 

^-a^fe &^| ; #7| XH| i in-doped GaNg 7H| i £Rg^ BH; #7| 

^| 1 £Rg ^iOil, f^§§ S-a^fe E^l; #7| #^g Wl GaN§S 

^^^fe Eh^l; #7| GaNg ¥)(H| ^| 2 £^g# S^fe B^|7|- ^&^|CK 

^ SJ-gOfl o|^e, ^Sh^ BJ-E*I ^% H ^^oj a^aifS S0|JI GaNT^I 

30 &aSg°J tT#A|S ^ ?JCK ZIS. 2}t[Oi ^±X\9\ AH^-g ff#A|7|JL 

^ #^o| ojch. 
^feg ?!^t 4= #S0| ?JcK 
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ES<H| ?}&t} 

5. iS & iJ-gofl CCF^ SJSI-S fl%4i^o| ^| i 0=11 o I 

5 E 2^ e ^ScH| uf^ ^st-W ghE*l ^ h ^^o| *|| 2 41 A| CH|oJ XH§ zp^g 

E3SS ^ScH| ccfg mim Bh£*ll STite^Sl ^ 3 41 A| oflo| ^8 

£ 4^ e tfeol nj-ff 512*8 tfite^Sl xH| 4 41 A| ol|o| 

10 Uei-y'te. 

tfSfil 4IA|o| 

0|*h S¥S ESS e ^SCHI ccf& 4IA| cH|# tfg&c*. cFEh, e 

^SS| A^OI AH|A|Sfc 4JA|0flOfl *|&£|X|fc oH-WjI. ?gfi^sl 
is <M"AH|§cH| o|fHAH che ^Alo^is §o|^7H| xyehffl- 4 s 2JS 3!o|ch 

*|| i 4JA|0| 

S. i& » ^S°J AH| i 41A|(H|(H| [fl-g ^£f^A|-o| *h S ?^0|cK 

JE 7|£h(102) W| fcHnHg(buffer layer) (104)8 &&M?\iL, n- 

20 GaN(4lE|&/£|g §A| £§)§§ A|| l 2^§(108)^ ^-m, inxGal -xN/lnyGal - 

yN 2^*1 ?S (super lattice structure)* 5^ §11 A|| 2 ( 120 ) 

g»A|fi ijstg Eh£*a tt«tetfs| ?S0|cK o47|AH, #7| All i ^S(ios) 

SJ Ai| 2 M8(120)0|fc £!^JE]fe §S(M|AH Z|Zf £R(d|£A|)0| «g£|jl, 

o|8 »*KH Sgj-o| °j7h£|7l| SO-. 
25 SE£h, & ^§0i| O^e S^g Bh£*l ^i^A^, tig (in) 0| ^gf «7hS 

GaNg (110) Jlf, InxGal-xN °^§(well) (112) §J InxGal-xN 

(barrier) (114)0| *|g£|fe- S>*A|-^8?3E8 »g»<116)0|, #7| Afl l 

ERg (108)21- #7| All 2 £±^§(120) A|-0|0| -yjJ£^|x| OISSSIt^S 

30 ZlElJl, #7| IH^S (104)2|- A|| i £Rg(l08) A|-0|0flfe 9Jg(In)0| 

GaNg(106)O| Dj ^-^EJJI, &7| InxGal-xN §"^§ (barrier) (114) 2f A)| 2 
£Rg(120) AK>|0fe p-GaNS (118)0| CH S4S@C|-. 

« 4|A|0|0fl Q>g ^£x| im^A>°l fll^HHg ^Wfl-CK 
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EM. Ahnl-OloH 7|&(io2) fl<H x-|£o| g&g£o]|AH GaN^I ashS Eh£*llS| 

miH«Kl04) ^§ ^S-AI^ICK 0=1 7 1 AH. Xjgoj g#g£(H|AH GaN^I WW 
Bh£E*|fi| & h 7| fcHnHg(l04) Hfnf* ^M^OW °!0-|, inGaN/GaN i£^Xh ?i §J 
InxGal-xN/GaN, AlxInyGal-x, yN/InxGal -xN/GaN£| ^j^^^S. 4 1 
5 0|fi|- U0\, #7| 7|&(102) mo\\ #7| BWg(104)0| ^£!U(H| CI}B|-, #7| 

7|£h(102) &<H\ {s!&E|£r GaN^I E^S ^J%9\ 'HSSMI^ ^A|-^^o| ££j*|<H| 
9\tM J&i^oS oHxilAI^' ^ °|7| COI^CHI, ZLgSSl GaN?ll 

#Mmnt=. -y-71 GaN^I EhE«l tHnH§(io4)# £SA|7|fe E^NAH, 

10 ^§"£E§ 500°C~700°C^. ehU, H2, N2 7HE|0H 7(-^» g^^Ai TMGa , TMIn, 

TMA1 ^(source) *^JA|7|J1, NH3 ^^JA|?=| flSj-g E.h£*|| 

tH^g# £&A|m. 

HEU, #7| IHS1«(104) flOfl 2SS| ^»&H<H|AH eJS(In)0| 

ESS GaNg(106) 51 4lE|&(Si)# £i&(ln)0| §A| GaN^(108)g 

15 -a^Al^lDK 0^7|AH, #7| ^El^(Si)^ 2!6(In)0| §A| ESS GaNS(108)£ AH| 

1 ols^icK 

tfAllSMI, S^g B.I-E36I GaN^I BUS 9fa|-# ^&A|7fe E^fe, MOCVD 

S-bIS 0|g^0^ 900°C-1100°CCH|AH, TMGa, TMIn, TMA1 4:^ 7|->i# §i^O^ 

&as GaN^i mmm &5lM es^°m^ *jei& es^q^ 

2 0 SiH4 7^21- °}m ES^o^. TMIn ^S^7|- A(-g^ ^ °!C|-. 

01*, m-s- ai^si aim »^*di6)oflfe 

BSJWM (single quantum well) 0| iH"@CK #M\tW\, #7\ fi^S (116) £ 
Lf)¥ cf A|-a.#s tr^A|7|7| ^0=| SX-|, oje tH?0| InxGal-xN(0 

< x £0.2) 3(110)* 10-500AS^| lMM g#A|fich fiCh HF»S|*l*lfc t 
25 50-300A Sfl LHCHIAH =LB\JL, #7| £]§ tHfO| InxGal- 

xN3(110) ^|(H| QJs fJ-^Ol AHS InyGal-yN ( 112 ) 3f InzGal-zN 

#^3(114)°£ «fUfiJ o^|.o= §0 | ^^EjoH |^§£M A^@Ch 

0|ffH, #7| SlfOl InxGal-xN 3(110)^, InyGal-yN(0 < y 

< 0 . 35) (112) 2|-, InzGal-zN (0 < z < 0 . 2 ) ( 114 ) S^SJfe 
30 «m2| #X^S?SS ff^*(116)S| ^S-E!-^|(H| ?J0^ N2, H2+N2 ?^^B|0^ 

7^ 5! NH3 M^i7|(M|AH TMGa, TMIn, TMAl ^^JA|7^ ^S"A|&CK 

o|§ §-^o| InxGa i-xN S (110) SI ¥-#)ltr 10-500A 0|^, IS ^§J- 

^ojsj. Lh-fcJS^ (spiral n,ode)£S ^^0| Eh^. ^#3^ ^7| 
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InGaN ^#S(112)HJ- InGaN S - ^§(114)2j = tfl|^ ZfZf 5~3oA 50-50oA 

S£S ^Elfl 7oo~80o°C S£0|a. 

InxGal-xN g(110)°l iE<H| 5SJSf7H| ^^fj LHjg#0| #7| InzGal-zN 

5 (114) 7^x| zl ^E«# ^x|sl)o|=ei- thcK 0|2|- MA|7|fc 

esHAHt ^S^jOl jls| E o| ^^XhS AU^tf ^ SJ^I @Ch fg, C|-5 ^0| 

SiJth ^ EH CHI AH ch§gm^§?i7F 4=£ 

£H3, #7| ?J§ &lfO| ^S- InxGal-xN §(110), InyGal-yN 
10 ^S»<112), InzGal-zN (114)0* 1MT ^ife ChS^j- ^0| 

^£ SM. ^, #7| iMfO| InxGal-xN S(110) °| «2J§ &7| 

InyGal-yN »^«(114)M^ £S«HH, ^ &lfO| 0 < x < 

0.05, 0 < y < 0.3, 0 < z < O.lS. f^if 5St ^£ flC|-. 

oism 4schi 9]mM ^s-ai^j &s_m gnM?i 

15 MgO| p-GaN BESS (118)* H2 , N2 , H2+N22J- NH3 7^ £*|7|CH|AH 

^S-AI^JCK #7| p-GaN §(118) °J 500-5000A 0|cH , 0|CtH ^S&E-fe- 

900~1020°C S^lcHlAH ^SlSch 

0|* f #7| P -GaN & (118) it g#A|fl ^, ZL ^|CH| A|| 2 ERB(120) °S 

A|-§£|fe InxGal-xN (0 < x < 0 . 2 ) /InyGal-yN ( 0 < y < 0.2) ^^A|- ^iSj §§ 
2 0 ^S-AI^JCK #71 InxGal-xN/InyGal-yN ^X|- A|| 2 £R§(120)°I 

*ia» 14^°^ ^^CH, #7| a|| i £RS(io8)j* £R S^S A|-S«K>=| 

^A|^ ^ oi^- g-xjol 2JCK 

& ^A|0W| U±m illf ^^^CH| o|^"S, #7| A|| i (108)2|- 

All 2 Cj^S(120)e n^/n^o| 3^1°^ S^S^K CC|-E|-AH £ ^A|CH|0i| Sl^S, 

25 5 EH SSfg &l-£.*|| ^S-^A^lAHfe A|| 1 ERgHj- A|| 2 2^§0| nS/p^2S 

S^H^I ttfEK SEH A|| 2 AF§£|fe p-GaNgoJ *j£S D|-HLH|^ (Mg) ES 

.£»0]| o|sHAH a^Ej&e « ZICH| ^tffife £!# HHS§ (current 

spreading layer) § A||7H^ 4 s &C|-. ZLE|J1, #7| p-GaN§ (118) 2j-°| MS 
-HS^'S, #7| A|| 1 £R§ (108) , p-GaN* (118), All 2 £j^§(120)£ 

30 n^/pS/n^o) ^ 5°^ i^fT 4=£ SJ^h. 

0=|7|AH, #7| A|| 2 ^H^g(120)°J ¥^lifr ^"^ 2-5oA°S JUPl^. ^^£1^ 
^JPI 200A Dlehos. ?^@CK <yS-££^ 700-850°C ^ U|0|[H N2 , 

N2+H22I NH3 7^ ^ TMGa , TMIn ^^j^Jl ^#A|7=|, L||¥ SI 
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A|| 2 ^A|CH| 

£ 2^ & xil 2 o4|cH| U±B SSl-w im^A|-o] *h§ 
5 ?^o|cK 

£ 2 (HI UEj-y £J3hg tfltextsl 7ie^!2J £ i(H| Lf^y 

n i 4JAi otisf #awk ^eh, e tiAiotioti a>g g«s 

7|&(202)^ £]E|5/fc]g ESS GaN (212) J*S| ft! 

*F0|(H|AH 9394$ Sj4iShtF7| flSKH, InxGal-xN/InyGal-yN 

10 ^ §(210)0| A|| l £j^§(212) (HI tfSJS Ol^^tJ- 

0|2|- 7|& (202)31- xHSfii tflisie<204)<H|AH¥El S=l-«E|fc- 

S?l D jEi Sf^A|^ ih^^A|-o| Q^Hh^ Eh Jl| a ^ (reverse breakdown voltage, 
Vbr)it 7Ht!^0^ tf#>fc*|-S| AI^J^l- ff#A|fJ 
15 & ^S(H| M §§Kf SUf^^Sl *|| 2 4JA|0j|o| Zl-Bf^Tll 

7|&(202) °H(H| bHn^(buffer layer) (204 ) # g8"A|?|jL. n- 
GaN(-y£|5/£Je- §A| *|| l ERS (212) ££ oHl, InxGal -xN/InyGal - 

yN S^A|- ^ZE. (super lattice structure)© 5^ §H Al| 2 5j^§(224)°M 
20 -g§-A|£jq-. 0^7|AH, -£)-7| All l ERS(212) A|| 2 fi^S (224) <H|fe ^ 

S^Sjfe 5 S (HI AH Zj-ZH £R (D|£A|) 0| SgSlJL, 0|M SSKH £joj-0| oj7h£|7j| 

TO. 

5E&, & Sfgofl M SIStS Bi-E*ll ej§(in)0| ^7^ 

InxGal-xNg (214) Hf, InyGal-yN (well) (216) SI InzGal-zN 

25 S-^S (barrier) (218)01 B«J«W*» ?5f (220) 0|, &7| 

n\ i ers (212)0* ^-7i n\ 2 £R§(224) afokhi *hj=^x| a&^ss 

O.B\H, &7I bHnHg(204)J!f All i £R§(212) A|-0|0^ °M(In)0| ESS 
GaN§ (206)2|-, E§E|A| GaN§(208)0| S^Sfl-. ^B|J1, #7| InzGal-zN 

30 (barrier) (218) 2f A|| 2 £RS(224) A|-0|CH|fe p-GaNg (222 ) 0| CH 

□rasa. 

oi^-jif im ?5§ m\m &s.n aii i ^ai 

CHI (H| ah {rf«=j dh2f #a^hs, o^7|AHfe n xl|stfH<H| p|°h ^ersf7|s 
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& 4'AKHKHI oisHAi, 7|&(202)a! tHnHS(204) °^¥&l EJn|-Efe £!^UES 
gj-^Xl-ol Q4bftt nl-Hltjoj- (reverse breakdown voltage, Vbr)§ 

5 

Al| 3 ^JA|CH| 

E 3^ » ^S°J *H 3 4JA|(H|(H| EO-C WE«I WW^Sl xh§ 

E 3# Steai-e, & ^A|cH|fe cH^eoil aioHAH^ a|| i ±ja| chisf wawck 

10 p-GaNg (320)21- InzGal-zN 5MS(314) A|-0|<H| ei§(ln)0| ESS 

GaN§(318)0| ^7|-S {^°JS o|5Sj» ^fcC*. 

0|£f ^0|, #7| £]§ ESS GaNS (318)0| ?7\^ S^^o^Mj, #7| p- 
GaN§(320)CH|AH A|-gS DhZLLHI^ (Mg) 2iA|-o| l_H¥ ^"^ih ( In-dif fusion) 

fd^l" ^AH|A|^U ^A|^J ^ oi^i g C |. 0^7 1 AH #7| ESS 

15 GaNg(318)£- Zl *pfli|S 100A 0|3|-S. £§-A|=7|E^ fi-C|- . 

AH| 3 *JA|0||0|| UltB ehE*l| ^^AhO| AHIS £K=H# tfStfCh 7|&(302) fl0|| 
bHnHg(buffer layer) (304)1- ^S"A|7U, n-GaN ( ^B|^/°J§ £S)§1 A|| 

1 £j^S(308)°M t[JL, InxGal-xN/InyGal-yN ^^Af- (super lattice 

structure)* A)| 2 £Rg(322)0| 0^7|AH, #7| A|| i 

20 ER§(308) 9J All 2 £Re(322) 0i|ir ^^£|rr 5S<*|AH ZfZJ" £j^(D|EA|)0| 

s^eiji, ois s«kh asroi ei7hEi7ii scl 

» ^§(H| nl-e ttite^te, ojg (In)0 | *j7|-S 

InxGal-xNg (310) 2|\ InyGal-yN ?f§ (well) (312) §J InzGal-zN 
(barrier) (314) °J & 0|¥0-|£J BSJ?W¥S ?>rr 

25 (316)0| &7| XH| i S^S (308)31- #7| All 2 £Rg(322) A|-0|0|| -fcH^xl 

aif?5£ ^s oisati- =?zzm 

=LE\aL, #7| bHnH§(304)3!|- All i £RS<308) A|-0|0fe °M(In)0| ESS 
GaN5(306)0| ^,'■71 InzGal-zN (barrier) (314 ) 2f Al| 2 

ER§(322) Al-OlCHfe p-GaNS (320)21-, 2J=0| ESS GaNe(318)0| D\ i&SCh. 
30 £ ^A|(H|2f ^0|, O|go| ESS GaNS (318)0| ^7|-£ S£!U°^M|, #7| 

p-GaNg(320)CH|AH AI-SS D^L||£ (Mg) &Aho| |_H¥ ^(In- 

dif fusion) ^Al|A|iJ 4 1 &!cK nei^o^ ^^X|-oJ »#A|fi ^ 
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5 *l| 4 4U|ofc Pi£ ^0j| #7| XII 3 4!A|(H|S>f Sfcjtfjl, c\&, #7| 

eJS(In)0| ESS GaNg (406)4, #7| 7|&(404 ) 4°| ^#4* SI <iJS# *I4^ 
*K>|0flAH gh-gl]£ SSSff* il^Sh A|7|7| fl«KH, InxGal-xN/lnyGal-yN f£^X|- 
^F^-w §(408)4, °J=(In)0| ESS GaNg (412) 4, InxGal-xN/InyGal - 

yN ?Sg(414)S CH S^A|7fc 5 CHI ^S0| Iff, #7| InxGal - 

10 xN/InyGal-yN 3fe g (408) g 7|& (402) 4 A|£o| 

bHmg(404)(H|AH¥^ SflSiE* ^A|H tt#^2| qy-ff- 

(reverse breakdown voltage, Vbr)S ^H-id^fe J§.4# ^ - 

o|SKH|A-fe E 4 « ^^0=1, g AjcHlcHI Ufg SlStS ffE*l| ttite^Sl *||^ 
^BS #AH|^| tfSffcK 

15 #7| A|-HfO|OH 7|ff(402) flOfl AH£°| £|#£E0flAi G aN?fl QS^ ffE*l|°l 

bH=iS(404)S ^#A|CJCK 0=|7|AH, XH&o| ^#^£(H|AH GaN7=l| eJ"E*l|°| 
#7| bHnHg (404) inGaN/GaN ^^A|- S! inxGal -xN/GaN, AlxInyGal- 

x,yN/ InxGal -xN/GaN°| ^g?^ §£S S£A|H ^ °!c|-. 

0|2F a-0|, #7| 7|ff(402) ^r|CH| #7| B^g (404 ) 0| §£!^CH| [£|-5h #7| 

20 7|&(402) ^jCH| £#I|fe GaN^I B^S ^4°] ^^#^14= Si ^^#^°J #SJx|CH| 

°|sHAH ^I|£- SS^m* Sllf^o^. oh*)|A|^ 2gi^ GaN^I ff£*l» 

^#A|^J 4= Sfe 7| y# 5># 4 s 2,' 711 S«=h 

zleU, #7| £!#S HiH*(404) ^cH| ^#^ecH|aH M(m)0| 

ESS GaNg(406)# ^#A|CJCK ZlBlZL, #7| 7|ff(404)J*£| ^#4= SJ <HS# 
25 7^°l xl-OlCHlAH iT^Ufe S3ilff# A|7|7| ^|et|AH InxGal-xN/lnyGal-yN 

S^AF 7^1 ^ g(408)§ *7|-S S^AI^lcK 

0|£F ^ 71^(402) 4 AH^SJ bHttj§(404)0||AH¥El S^Ifc 

tl^lSJES 2J-^A|?=| ^S"4iAho| o^Ht-^ Hfjllt!^ (reverse breakdown voltage, 

Vbr)# 7Wt[0i Aj^J-aS tf#A|U 4= 2M| SCh 
30 ZlElZL, aS^lj-S CH^ 2j4lS|-^-7| ^^-0=1, #7| InxGal -xN/ 1 nyGal -yN 

^ 7 A7\ ?^g(408) ^iOi| °J§(ln) ESS GaNg(412)2|-, InxGal -xN/InyGal -yN 

ZL y An ?ig(414)§ CH S^AI^CK 

0|*. 4'el5(Si)4 eJS(In)0| SA| ESS GaNS(416)* ^#A|^JCK 
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0=|7|A-|, #7| ^E|S(Si)al|- £Js(In)0| §A| GaNg(416)g *|| i ^j^go^. 

0|*, fdtfe EhS" CH^OJ Hj # #^S(424)CH|fe 

BfcltfWSS (single quantum well) 0| SgScK £> h AH|*|-7l|, #7| IT^S (424 ) 
5 S-^SSl LH^ SWAM »tfA|7|7| ^0=| OHX^, Oj = ^af 0 | InxGal-xN(0 

< x £0.2) S(418)£ -a&AI&a. =LS\JL, #7| °Jg tHfO| ^ InxGal- 
xNS(418) ¥|Ol| o|§ *}-g=0| A-fS d-C inyGal-yN ( 420 ) ^ InzGal-zN 

0|CEH , -&-7I £J§ tMfO| InxGal-xN g(418)olf, InyGal-yN(0 < y 

10 < 0.35)^-#g(420)2|-, InzGal-zN(0 < z < 0 . 2 ) (422 ) S^Sjfe- o(-L|-o| 

Wf?5S #^S(424)°| ^^BTjfe, N2, H2+N2 ?HB|0H 7^ NH3 

TMGa, TMIn, TMA1 ^£JA|?=| g£j-A|^jC|-. ZLEli, £JS lMfO| 

InxGal-xN §(418) °| ^Zflfe 10~50oA 0|O}, 10 -^S" SSJti" 
LHdS# (spiral mode) ^&0| EjfE^ &Ch 

15 a Eh, SJS #7| inGaN ¥^§(42 0)5f InGaN 5,^S(422)°| ¥#Ht=t 

W 10-40A 50-500A ^§-£££- 7oo~80o°C StoicK 

ZIBIH, JimS. BUfr ChO|S = S| ^IsHAH^ oj = ^ 0 | ^ InxGal-xN 

S (418) S| ifi(H| ^iJ^Tfl U4d«tf0| #7| InzGal-zN S^S (422 ) 7»X| ZL 

^eHS *x|SH<*eh nc[. o|o| S^oHl^, c^^W^^oj 

20 IT^^OI 0|-<d BSJSm^g^PSSj shAHg smahs g^HAH£ 4I§*!£J 

HEIjI. ^S- gJ-^Sfe t A jSi £&A|£l ej§(ln) 0| GaN§(42S) 

SJ Mg *W7|- £S@ p-GaN B3SS(428)* £&A|£]Ch 0=|7|AH, #7| p-GaN 
§(428) °l ^TTilfe- 500-5000A 0|D^, 0|[D| 900-1020°C S^O||AH 

25 

0|* f #7| p-GaN §(428)S ^&A|£] ^, ZL ?j0fl All 2 £Rg(430) 
A|-g£jfe- InxGal-xN(0 < x < 0 . 2 ) /InyGal -yN ( 0 < y < 0.2) S.^A|- ^ZSSl 
§# -aS-A|7H Bl'dU ^.HJ-S 3M| EhCK #7| InxGal-xN/ InyGal -yN 
*fl 2 £R§<430)°| £!# HHSS SolJ-^O^ ^^D}, Ah 7 | ^| x £^§(416)1* 

S ^A|0^|0i| Uf^ uh£*|| tfS^XFOll °Jsf^, ^7| AH| i S^g(416)I!f 

Ail 2 ^^§(430)^ ivg/n^oj S^§£^ S^@Ch. 0>ehAH, g£H ^f(-M 
^^^AN|AH All i £RgI* Ai| 2 S^SOl n§/p§o^ S^t^| C^EK A|| 2 



9 



eR«o£ p-GaNS^I ^ Mg 5iS JL#<H| 0^ tfgElttQ K 

S^AltM* ZICHI Sff (current spreading layer) § Xl|7-|Ij- 4 s 

-LSU, #71 p-GaN§(428)Hfo| Jl^El, #7| *H i 2^5(416), 

5 p-GaN«(428) , Ai| 2 ^§(430)^ n«/pS/n«2| SJ* MS *fe 3*3- ^« 

JUtf. <H7| AH, Ai| 2 £^g(43 0)°l ^ 2-50A2S JECH^ 

*|CH 200A □le.Ho^ ?*jSCh 5Eth ^#^£fe 700~850°C UIOID^ 
N2, N2+H2S* NH3 7^ 51 TMGa , TMIn ^« *°JA|7=| ^A|7H, LH* 51 

10 fitf. 

Ah<a# oi§ 7^^ 

*02=tftt<H| fil^e, tfSSj ^EH§(H| ^IsHAH AHflOKH 7|&fl(H| £!SS|fe- GaN*| 

SUf^o^ cH*||^0=| UlSSSl GaN^I ^ OT. *« 1 

xjagog AF§£|fe eJ§0| §A| E.S£! GaN°l inxGal-xN/InyGal - 

2th, U|¥SfA^#§ ^0|7| $\f\0i °J§IHfO| ^£ InxGal-xN§0| 

#<2J£W of^ogo| Aj§ a cf 3*|S|-7|| *Q<H«|- 4* S.J*7|- Z1BU, 

InxGal-xN/InyGal-yN *j 2 A»fl£S»l, S^ttS 

^A|?J ^ flCh S^, 3149 tfite*Sl aSa&m fOU GaN7|| 

ssoi jack 



15 



20 



25 



10 



i . 

7lEb 

&7| 7m flOfl Hi^S; 

ai- 7 | tHEHg ^CH| eJsO| £SS *fl 1 In-doped GaN§; 

#7| Xl| 1 in-doped GaNg *M S^S InxGal-xN/InyGal-yN 

*7| InxGal-xN/InyGal-yN fl<* * 1 

Ah 7 | flj l flOfl ^Eltf, SiS 

Ah 7 | fj-^g ^CH| 2J§0| ESU Xfl 2 In-doped GaN§; 

#7| X| 2 in-doped GaN^ fl<H| «£S GaN§; i! 

#7| GaN§ flOfl XII 2 2^§0| ilfiEjfe SShS tt£*H 



xll i »<HI ja<H/H. 

#71 xi| 2 n§ °J SUtexh 



3 . 

xll i »ofl XJoUH, 

#7| GaN^I bH^S&, InGaN/GaN £2W =PS, InxGal-xN/GaN, 
AlxInyGal-x.yN/InxGal-xN/GaN°l ^§?^ «<HW *L+fi| SIM 

4 . 

xll i »<H| 

#7| X|| l ^El^Hf ?J§0| gA| GaN^SJ S§hM HhE*> 

5 . 

xll i »<H| flow. 



ii 



6 . 

m i srofl ?mm, 

#7| S^§§, £! = SSfO| InxGal-xN M, InyGal-yN ^WgHf , 

InzGal-zN S b -1§o^ EhlMW^^ SEfer CffgfXf^f^SS ^Efe 

5 sists 

7 . 

n\ 6 tM| flow, 

#71 °m srtroi mxcai-xw soil sssitr em #7i mzoai- 

8 . 

All 6 »<H| 2,! OH AH, 

#7| 2Jft S"ffO| ^rr InxGal-xN InyGal-yN rtS, InzGal-zN 

15 3-^S<HI £J6 0 < x< 0.05, 0 < y< 0.3, 0 < z < 0.1 °l 

9 . 

All e SMI W<H/H. 

20 #7| £JS 1HTOI InxGal-xN ZL IS «#0| LKd«# ( spiral 

mode) g^Efe ys^g ^Ex| . 

10 . 

*ll 6 »ofl 2J0HAH, 

25 #7| eJi§ tMfO| InxGal-xN §§ ZL 10 S#0| LRdS# (spiral 

mode) o^. ^#£JCH, ZL L|-{dS#£ #7| InzGal-zN S^S i^Xl E&SjOH 

11 . 

3 0 AH| i S-cHI 

#7| A|| 2 £!^§n InxGal-xN/ InyGal-yN i^A|- (super lattice 

structure)^. ^-gSlfe- 
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12 . 

xii i #chi £|<h/h. 

#7| 21tS0\ X|| 1 In-doped GaNgHf, #7| X|| l In-doped GaNg 

flOfl ^-££1 inxGal-xN/InyGal-yN ^X|- ?SgO| m^g. Bh*4£|<M 

13 . 
7|&; 

#71 7\b wot mme ; 

#7| flOfl °J§0| £S@ XH| i m-doped GaNg; 

41-71 X|| 1 In-doped GaNg flOfl X|| 1 

#71 xii i ers *m ega*, %m tr-yg,- 

#7| figg mo\\ GaNg; S! 

#7| GaNg fl<H| X|| 2 ERgO| StTElfe ga}S B.H£*II im^xK 

14 . 

x|| 13 »o| 2J0UH. 

#7| X1| 2 ERgg n^9J IJShg £h£*|| ^#^XK 
20 15 . 

XH| 13 »ofl oioUH, 

#7| S-^gilJ- #7| p-GaNg AK>|<H|, °J§0| £^^1 Xl| 2 In-doped GaNgO| 



10 



15 



xl| 13 »ofl 5U<H/H, 

#7| X|| 1 In-doped GaNg2|- #7| Xl| 1 ERg A|0|(H|, InxGal- 
xN/InyGal-yN £2W ?SgO| CH 51 ^ffe 

im^xi- . 

30 

17 . 

xl| 13 »ofl floUH, 

#7| Xil i m-doped GaNgl* #7| X|| i ERg A>0|CH|, InxGal- 

13 



xN/InyGal-yN ^^Sh ^^#2)-, undoped GaNgO| Dj S^Efe ghj 



18 . 

5 sfl 13 »<H| fcjoUH, 

^"7| GaN^I tH^S^, InGaN/GaN ^r 1 ^, InxGal -xN/GaN, 

AlxInyGal-x,yN/InxGal-xN/GaN°| ^f^i §<H|AH t|-L|-o| 



10 19. 

*l 13 »<H| ?x'0UH, 

#7| S|| i UEIM OJMOI §A| £g@ GaN§£J ijShg 



15 20 . 

sfl 13 »o|| ?MM, 



20 21 . 

sll 13 »<HI o'oUH, 

#7| l^gg, £Js IMTOI InxGal-xN §31- InyGal-yN ?t§, 

InzGal-zN S^Hlfe SEfe- C|-§°fX|-^g?3E£J *JS|.g 

ttE*y irir^sK 

25 

22 . 

sl| 21 Sfrofl &oUH, 

^7i em triroi ^ mxcai-xN gc^i Estife em we, #71 mzoai- 

30 

23. 

sfl 21 »ofl 2J0UH. 

#7| £M tMfO| H£ InxGal-xN &ty InyGal-yN ^#g/InzGal - zN 



14 



g-^5CH| eJe tflfS. 0 < x< 0.05, 0 < y< 0.3, 0 < z < 0 . l£| 



24 . 

xl| 21 SWI a|oW, 

ak 7 | o|§ ^0| InxGal-xN $S ZL IS «#0| l_Kd^!# (spiral 



25 . 

io xfl 21 »<HI aioUH, 

#7| £m »»0| InxGal-xN ^ IS «#<>| U#S# (spiral 

mode) OS mS\0\. ^ LKdtWC *7l InzGal-zN 9*9 e^* 0 " 1 

£j#Ejfe SthS BhSE* tfite*h 



15 26. 

xll 13 STcHI &oUH, 

X|| 2 InxGal-xN/InyGal-yN ?S (super lattice 

structure) S. S^Sfc BhE* • 



20 27. 

7|& W GaN ttflM§« 0-^1; 

Ah 7 | bH^S ^lCHI e!§0| ESS X|| 1 In-doped GaNSS ^g^rr 

#7| X-ll i in-doped GaN§ fl<H| XH| i ERS* «g*H= EMI; 

#7i x-ii i ers *wi, m^Bm EMI; 

2 5 #7| »«S ^CHI GaN§§ ^^tr EMI; * 

#7| GaN« *HH| 74 2 £R«« %^ofe EMW SlTElfe 



28 . 

3 0 *1| 27 ffofl 2J0UH, 

#7i xii 2 M*e n^ei siate Bh£*i im^si 



29. 



15 



# 



xll 27 »<H| ?MM, 

#7| X|| i Sig£^ ( ^el^JIf °]§0| gA| GaN^S S^tfe U§FW 



5 30. 

xil 27 »<H| ?MM, 

#7| XII 2 ^^§°S, InxGal-xN/InyGal-yN S^X|- ^(super lattice 
structure) §S fiH ^^Xho| 



10 31. 

xl| 27 »<H| ?MM, 

#7| | A jgo^, o|= *J-Bt=o| mxGal-xN InyGal-yN ^I§S, 

InzGal-zN #^S°| e«SW*«?S Sfer M«W**¥S3. Sfhs 
BhH*l| Si-S-^X|-o| ^IS^SJ. 

15 

32 . 

x|| 3i S-ofl &oUH, 

#7| °J§ IT^OI inxGal-xN ZL i^j §#0| L|-fcJS# (spiral 

mode) 0| E|£4= £#A|?|fe 5J^# £h£*|| im^o| 

20 

33 . 

xl| 3i ?roH| oioHAH, 

#7| °M mU=0| ^g. i nX Gal-xN §§ ZL 10 S#0| 
mode) 0| £|£^ g&A|?|Dj, ZL LHd£#S #7| InzGal-zN 



U £JS# (spiral 

?>^S i^x| 



34 . 

7|£h; 

#7| 7|© *]<H| GaN bHtti*; 

3 0 #7| m=H« ^CH| f^^S Xl| l 

#7| X|| i ^0|| ^S|JL, 9J§ »»0| InxGal-xN g3|- InyGal- 
yN ?f§, InzGal-zN S^«0| ilfSjfe- S^g; 
#7| flOfl GaNg; §J 



16 



10 



15 



20 



25 



35 . 

XII 34 % v o\\ ?MM, 

ah 7 | ^i 2 s^§s nsei SM sm^xK 



36 . 

xii 34 »<hi aw-M 

M 7 | OJg *hBfo| InxGal-xN g&ll fciS #7| InzGal- 



37. 

xl| 3 4 a!<H/H. 

#7| 2JS S-lfOl InxGal-xN g4 InyOal-yN ^g»/InzGal-zN 

^a4gO|| OJ§ fl-^fi, 0<x<0.05, 0 < y < 0.3, 0 < z < 0.1 

38. 

xl| 3 4 1TCHI 5U<H>H. 

Ah 7 | ojg *^ 0 | InxGal-xN §S 3 l4<fcH^# (spiral 

mode) °SL S^i ^£^1 



39 . 

Xl| 34 »ofl aioW. 

#71 fclS »90| InxGal-xN §c H S#0| l_Kd^# (spiral 

mod e)0£ Zl U<d«tffi *M InzGal-zN «»S|<H 
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& 7|£h #7| 7|& flOfl GaN*| biHS; #7| t^^S flOfl 

e!SO| «l 1 in-doped GaNg ; #7| *l| l In-doped GaN§ *|Ofl 

««« InxGal-xN/InyGal-yN InxGal-xN/InyGal-yN 
?£f °|(H| ^3 nSSl n\ 1 tf7l * l £R§ flofl «*jSli*. 

#7| IT^S ^CH| ggE 9J^O| £US *ll 2 in-doped GaN@; 
tf 7 | X ^ 2 In _ do ped GaNS *N p-GaNg; 9J 4PI p-GaN§ flOfl «g« 

mtm tt£*y sm^si asams ton Ga N *i 
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E. l 



ln x Ga,- x N/ln v Gai^N Super Lattice 


— — -120 

118 

114 


P-GaN 


ln 2 Ga,- 2 N Barrier 


ln v Ga,-vN Wei I 


1 12 


Low mole ln x Gai-xN 


110 

— 108 

106 


Si- In co-doped GaN 


In-doped GaN 


Buffer Layer 


104 


Substrate 


— ^^102 



116 
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1 nxGa,- x N/ in vGa,-vN Super Lattice 


— — -224 


f P-GaN 


-222 


ln z Gai- z N Barrier 


—^218 ^ 


1 j-v fc 1 III I 1 

IrivGa^yN Wei 1 


___216 >220 

— C_ IU f ' ' w 

214 ) 


Low mo 1 e In x ua i-Jn 




Si-ln co-doped GaN 


212 


InxGai-xN/lnyGai-yN Super Lattice 


— 210 


' Undoped GaN 


208 


In-doped GaN 


^^-206 


Buffer Layer 


— 204 

202 


Substrate 
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/ Li 



I nxGa^xN/ ln y Ga ,Jf Super Lat t ice 
P-GaN 



I n-doped GaN 



IrizGawN Barrier 



ln y Ga,- y N Wei I 



Low mole I n x Ga i-^N 



Si- In co-doped GaN 



-322 
-320 
-318 
-314 > 
-312 >316 
-310 ■> 

-308 



In-doped GaN 



Buffer Layer 



Substrate 



-306 

-304 
i02 
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lnx.Ga.i-xN/ 1 n y Ga V - V N Super Lat t i ce 
P-GaN 



In-doped GaN 



ln 2 Gai- z N Barrier 



InyGaj-yN Wei I 



Low mo I e I n x Ga i-xN 



Si- In co-doped GaN 



InxGancN/lriyGa^N Super Lattice 
In-doped GaN 



ln x Gai- x N/ln v Ga,- v N Super Lattice 
In-doped GaN 



Buffer Layer 



Substrate 
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